Therefore, the configuration we used is configuration (a) with OH-up water molecules. In the manuscript, the simulation supercell is a cuboids unit cell with primitive vectors of (Å), Â=9.8448x r (Å), and (Å). The interlayer distance between graphene layers is ˆB=-4.9224x+8.52585y rĈ =70z r 3.34(Å), which match the experimental interlayer spacing in bulk graphite 4 . The average distance between the oxygen atoms of first ice-like water layer and graphite is 3.33(Å), which also agree with that predicted by other DFT simulations 5 . The average distance between two ice-like water layer is 3.42 (Å). For calculating the total energy of individual m th water layer on graphite surface, the solid surface covered with (m-1) th water layers was removed from the relaxed water/graphite configurations. Then, the positions of water molecules in the individual m th water layer were fixed to calculate its total energy. The DFT simulation results in Fig. S2 show that the first ice-like water layer is (lowest energy) most stable among all water layers, which agrees with the experimental observations.
S3

S.II total energy of individual ice-like water layers
S. III Contact angle of water on graphite surface predicted by using van der Waals functional vdW-DF2
In addition to using vdW-DF2-C09, we add the simulation results of water on graphite surface by using another van der Waals functional vdW-DF2 6 based on the same configurations used in the manuscript. Both adhesion U SL and cohesion energy U LV /2 are slightly larger than those obtained by using vdW-DF2-C09, and the simulation results shows as the number of graphite layer increases, the DFT-predicted contact angle decreases from 92.5+-2.1 o (suspended graphene) to 86.65+-2.3 o (four layers of graphene in a ABAB stacking). The graphite surface wettability predicted by both van der Waals functionals show similar trends; however, the graphite surface wettability predicted by using vdW-DF2 is more hydrophobic than that predicted by vdW-DF2-C09. This mismatch is probably owing to overestimation of hydrogen binding in vdW-DF2. In this study, the DFT-AFM simulations 78 are conducted to probe two different sites on graphite and graphite with one ice-like water layer from top to bottom in a quasi-static manner, and an interval of 0.2 Å. In Fig. S3(a) , the site A and site B correspond to the position at the top of graphene's carbon atom and the center of graphene hexagon, respectively. The force-distance curves on site A of graphite and water/graphite surfaces are shown in the Fig.4 (a) of the manuscript. The force-distance curves on probing site B of the graphite and water/graphite surfaces in Fig. S4(b) , have similar trends as those of probing site A except that the sudden drop owing to the chemical reaction of O-H bonded to the silicon tip, as shown in Fig. S4(c) , happened at the different tip-to-surface distance. The reason for that is the position of the large attractive force drop S6 in the force-distance is dependent on the distance between the tip apex and nearest water molecules.
S. V Discussions on the Young-Dupre equation in terms of DFT-AFM predicted force of adhesion and adhesion energy
In order to link the surface wettability to the DFT-AFM simulations, we start with Young-Dupre equation, as shown in Eq. S1. is same as Eq. (1) 
Where U GSi and U WSi are the adhesion (binding) energy between the silicon tip/graphite system and silicon tip/water system, respectively, as calculated by .
This is valid when the responses of water layer to clean graphite surface and water overlaying graphite surface are similar to those of silicon tip to clean graphite surface and water coved graphite. Actually, this concept is known and it comes from the idea of minimal value in the AFM Force-distance curve, which is the force of adhesion Fad. It gives the information of surface free energy on different surfaces by using a tip, as described by based on DMT model 10 ,
where R is the tip radius. Meanwhile, since the force of adhesion F ad is proportional to the surface energy per unit surface area as indicated by DMT model, we can also predict the surface wettability based on the DFT-AFM force of adhesion F ad :
Where and are the forces of adhesion on graphite and water/graphite surfaces, respectively.
We prefer using Eq. (S5) in predicting the surface wettability, which is able to have a direct comparison with the experimental AFM force-distance curve.
For the sake of completeness, the adhesion energy versus tip-to-surface distance is shown in the Fig. S5 . The adhesion energy is calculated by the following equation:
, where U is the DFT calculated total energy. During the Table S1 . This agreement between contact angles predicted by AFM adhesion energy and AFM force of adhesion provides a self-consistent evidence of DFT-AFM numerical experiment. Figure S5 . DFT predicted adhesion energy-distance curves on graphite and water/graphite surfaces. 
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